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PVS 

Hie present invention relates to a phase-locked loop conqinsmg 

a voltage controlled oscillator for generating an output signal and having a frequency 
control mput for controllmg the frequency of the output signal, 

a divider for dividmg the frequency of the ouq>ut signal, and 

S a phase conq>arator for denvmg a control signal from a phase error detected between 
the frequency*divided output signal and a reference signal, said control signal being 
coupled to the frequent control mput of said voltage controlled oscillator 

The mvention also relates to a method for determming the phase error between a first 
signal and a second signal and a phase con9)atator for carrymg out die m^od 

10 Phase-locked loops of the above-menaoned type are used m a variety of applications 
In general, and as described above, phase-locked loops inchide a phase comparator or 
phase detector to conopare the phase of a frequ^icy-divided output signal of Ae voltage 
controlled oscillator and a reference signal The difformce between diese two signals 
IS used to generate a control signal or error signal whidi is fed back to the voltage 

IS controlled oscillator so as to control the frequency of its signal output m a direction 
that reduces this phase difference For exanq)le, phase^locked loops are used m 
different types of radio systems, such as cellular phones, m which an oscillator is 
locked to an accurate referCTce frequency Different means are then provided to scale 
this accurate reference frequency to the desired frequency 

20 In a convenaonal phase-locked loop (PLL) of the above-mentioned type it is well 
known to divide the output signal of the voltage controlled oscillator (VCO) by a 
natural number (No) As mentioned the division is performed by a divider or frequency 
divider The reason to perform the division is because comparators accordmg to the 
pnor art only are able to compare the phase of two signals if the frequency of the two 



• - • 
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above, the resets arc of the most significant bits of the accumulator and controUed by 
the most significant bits of the input to the digital-to-analogue converter ExacUy the 
same fimcnon may be achieved by using any of the bits and any number of resets 

Hie mvention also relates to a method of detecting the phase error between a first 
S signal and a second signal, vt^ere the method includes the steps 

fiequency dividing the first signal and/or Has second signal, 

generatmg a first reoccumng trigger evem in response to tfie first signal, 

generatmg a second reoccumng trigger event m response to the second signal, 

mcrementmg a first phase value by a first predetermined mcrement value when the 
10 first trigger event occurs, 

mcrementing a second phase value by a second predetermined increment value when 
die second trigger event occurs, 

calculatmg said phase error by subtractmg said second phase vahie ftom said first 
phase value 

15 The mvenuon also relates to a phase comparator (103) for carrying out the above 
mennoned method 

The phase error calculated by the above mefliod may be used to control a VCO like 
the one used with a PLL If the mefliod is e g implemented in a digital signal 
processor (DSP), the votoge used to control the VCO may be generated by convertmg 
20 the digital number representing the phase error to a output voltage IBrom ttie DSP The 
descnbed method is, however, also usefiil whoever a phase error is lueded between 



two signals 

Consmictmgaphase-lockedloopasdesaribedabovehaveaimmberofba^ THese 

benefits may niDst easily be seen torn an analysis of the cii«u^ Startng 

with analysing the above mentioned phase^locked loop m an ideal non-digital case, the 
5 phase versos time of the output signal and the reference signal may be represented as 

<|)R(t) = <^r' * *«» JIJ 

<|>v(t) >» coyt * ♦vo 
where index R is the reference and mdex V is the variable frequency 
•nie penod time and Ty of the signal may be calculated as 

T, = and Tv » — [2] 

Hie fractional lelationsh^ between Tr and Ty as 

T, " N^At . e N 

» 2 P3 

where Nr and Nv are the mteger numbers by which the frequencies are divided 
10 From [1], [2] and [31 the fdlowmg relation may be defined as 

Nr^» [4] 



27t 

Jr^ 

Nv<l>,(t) = "i^Nvt - Nv<frvo 



The phase error may be defined as 

e(t) = ^M^) - Nv<t>vW 15] 
If the relations m [3] and [4] are fulfilled, the slope of the phase functions may be 
denvedasN^4>R(t)andNv(|)vW.whereboihofiheslopesareequaltoK4, = 2ii/At 

This leads to the following error relation 



€(t) 



[t)| = N^tfrpo - Nv«t^o 



[6] 



This means that the phase error fancdon is equal to ihe traditional PLL when ^ - - J 
When Nr = Nv = 1. the phase erroris exactly the same as a traditional PLL Laplace 

transforming [4], Ae spectral domain becomes 



+ <Pv - 



In Ihe Ideal case, the phase function of the PLL is a sttaigjit line with a slope In the 
5 digital implementation of a PLL, the phase fimctton becomes a staircase tunctton 
This corresponds to an error function between the straight Ime and the staircase which 
IS a sawtooth function From [4] the staircase phase flinctipn may be defined as 

N, 



r(t) 



lt»T,i 



, I 6 N" 



li»Tfti 



[8] 



i=TvJ 



Which m the contmuous time domam gives the staircase phase flmction as 



—At 



2 2ii 



[91 



and which m flie spectral domain may be wntten as 
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110] 



= V{s> = J^^""" * * Nv^. 



From [7] and [11] the following relation nnay be defined as 

R(s) - Sr{s) * Ph(s) 

V(s) = S^) * Pv(s) 
From [1 1] and [12] the tune domam functions for Sr and Sy may be denves as 

N- r>, .,,sii]{(2k^ l)<0Rt) 



[11] 



[12] 



ItaO k6N» 



I w /« Ny .,^ sm((2k^-l)o)vt) 



[13] 



l|»0 kOf 



The phase error funcuon from [5] may be derived m a sunilar manner as 

e(t) = i(t) - v(t) = 6(t) * s^W + 8v(^ [14] 
where the only difference between the tvro fimcttons is the sawtooth function given by 
5 [13]. which m the spectral domam becomes 

g[s) = R(s) - V(s) [15] 
Analysmg the staircase error function, it appears that there are no spectral hannomcs 
belowo>KorQv lUis means that there are no sub-hatmonics of die reference signal 

nor the variable signal 

From the above the selected output frequency becomes a fiinction of Ae reference 
10 frequency and the mtegers by which the frequencies are divided as 



M 
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fo = ^Npf^ [16] 

According to [13] the generated spurious may be selected to be as for apart as desired 
by selecting the two mtegers N* and Nv appropriately, because it is their ratio that 
selects the output frequency Also, according to [13], the amplitude of the spurious 
decreases the further away ftom the base frequency they are This provides a large 
5 loop-bandwidth, which means a fest lock-m tnne It is therefor both possible to select 
the bandwidth of the loop and how closely the spunous are placed, iheK*y producing 
a component which is more hke the ideal phase-locked loop, wifliout some of the 
disadvantages due to the way the component is constructed The phase-locked loop is 
also easdy constructed with standard *of-die-sheir components 

10 Other features and advantages of the mefliod of die present mvennon wiU become 
apparent from the fbUowmg description of preferred erabodmients. taken m 
conjunctton widi the accompanying figures M*er«n 

Figure 1 is an example of a phase-locked loop according to die prior art. 

Figure 2 IS a first embodmaent of a phase comparator or ftequency comparator 
IS according to the invoihon. 

Figure 3 is a second embodiment of a phase comparator or ftequency comparator 
according to fht mvention. 

Figure 4 is a third embodmient of a phase comparator or frequency comparator 
according to the invention, and 



20 Figure 5 illustrates a phase-locked loop accordmg to the mventicHi 
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In the figures are aU luies with a small line across representag a bmaiy number 
Figure 1 IS an example of a phase-locked loop accordmg to the pnor art The phase- 
locked loop 100 mdudes a voltage controlled oscillator 101, a frequency divider 102, 
and a phase comparator 103 The voltage controlled oscUlator or VCO 101 mcludes 

5 a frequency controlluigmput terminal and an output lemiinal As shovm u» the figure, 
the output ternunal of the VCO 101 is operatively connected to an mput terminal of the 
frequency divider 102 Further, the firequency divider 102 mdudes an output terminal 
which is operatively connected to a first mput terminal of the phase comparator 103 
The phase comparator 103, which is also denoted a phase detector 103 m the 

10 following, also mcludes a second uqnit tenranal and an output termmal The output 
terramal of the phase detector 103 is operattvely connected to the mput termmal of the 
VCO 101 Hereby the voltage controlled oscillator 101 , the fiwpiency divider 102, and 
die phase comparator 103 form a closed loop 

The volteige controlled osciUator or VCO 101 is adapted for retnevmg an control signal 
15 via the input terminal of the VCO and for generating an oscillating elcctncal ouq)ut 
signal havmg a frequency which is determmed by flie control signal The frequency 
divider 102 is adapted for dwidmg the frequency of a signal supplied fliereto, i e die 
output signal of the VCO 101, and hereby generanng a signal havmg a reduced 
frequency compared to the frequency of the input signal supplied thewsto 

20 The phase comparator 103 is adapted for denving a conirol signal from the frequency- 
divided output signal and a reference signal suppUed thereto via the first and the 
second mput ternunal, respectively Hereby, when the phase comparator 103 is 
supplied by die frequency-divided output signal from die VCO 101 and die reference 
signal, an output signal reflecting die phase error between die two input signals is 

25 generated For example, the phase comparator may output a voltage proporuonal to the 
phase difference between the mput signals As mentioned above, the phase comparator 
103 IS coupled to the voltage controUed oscillator 101 , i e dunng operation die control 
signal generated by die phase comparator 103 is supplied to die VCO 101 via die 
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frequency control input tennmal of said voltage controlled osciUator 

Hie shown phase-locked loop also inchides a loop filter 105 adapted for smoothening 
the output of phase detector 103, i c filtering the signal used to control the voltage 
controUed oscillator 101 and hereby reducing unwanted spunus occumng.in the signal 

5 Further, as illustrated in «ie figure, die frequency dmder 102 may mcludeone or more 
frequency dividing parts 102A, 102B Hereby, afirst frequency dwidingpart 102A and 
a second frequency dmdmg part 102B may be adapted for performing the ftequency 
division m two successive steps In addmon, the reference signal may also be denved 
from another signal, e g ihe reference signal may be an output signal of a frequency 

10 divider 109 as shown m die figure 

In short the operaaon of a phase-locked loop may be explamed as foUows Dunng 
operation die frequency divider 102 receives an oscUlatmg mput signal from die VCO 
and generates an oscUlatmg signal havmg a reduced ftequenqr The phase detector 103 
outputs a signal which is detemuned by die phase difference between the two input 
15 signals supplied thereto, le die phase difference between die output signal of die 
frequency divider 102 and die reference signal When die phase of die output signal 
from die frequency divider 102 lags behuid of die phase of die reference signal, die 
phase detector outputs an "up" signal, e g by mcreasing die output voltage which is 
supplied to die VCO 101 via die loop filter 105 On die odier hand, when die phase of 
20 die output signal from die frequency divider 102 leads diat of die reference signal, die 
phase detector outputs a "down" signal, e g by decreasmg die output voltage which 
IS suppUed to die VCO 101 via die loop filter 105 Hie voltage controUed oscOlator 
101 outputs an oscdlatmg signal detemuned by die output voltage from die loop fHter 
105 Hereby, die frequency of die VCO output signal mcreases and decreases when 
25 die phase detector 103 outputs an "up" and a "down" signal, respecUvely As a result 
die phase difference between output signal of die frequency divider 102 and die 
reference signal is decreased When die phase-locked loop 100 is m a phase-locked 
state, die phase of die output signal of die frequemy divider 102 is m abgnment widi 



14 

tbat of the reference signal and lihe frequency of tiie two sigmls are the same There 
IS fteref or three signals of inq)ortaiice in the phase-lodced loop Ao, Ay and Ar which 
are cyclic fiincdons and may be descnbed as 

Ajfy = sinfo^*(|>o) 

A.® = smfofct + dg [17] 
Av(^ = 8in(6»vt + *v) 
When die system is m lock die following condition is fiilfilled 



Nr Nv Nv Np ^ 



5 which gives a phase error 

*n = ^ - — [19) 

The effective frequency by which the phase comparator operates is that which 
corresponds to co© This will lead to the generation of spunous, because this frequency 
IS slower than a>o The spunous are unwanted, because they will cause unwanted 
channels to mterfere and must be filtered out by a filter placed m the loop However, 
10 this reduces the bandwidth of the phase-locked loop 

Figure 2 illustrates a first embodiment of a phase comparator or frequency comparator 
accoidmg to the mvenuon The phase con5>arator mchides a first accumulator 201 , a 
second accumulator 202 and subtractmg means 203 The first accumulator 201 and the 
second accumulator 202 both mclude an mput terminal and an output t^mmal The 

15 first and the second accumulator 201 » 202 are operatively connected to a first and a 
second mput termmal of the subtracung meaiB 203 The first and the second 
accumulator 201, 202 are boih adapted for receiving an mput signal via the mput 
terminal and generadon an output signal which is supphed to the subtractmg means 
Responsive to the mput signal received via the mput temunal of the accumulator 201, 

20 the first accumulator 201 is ad^ted for accumulatmg a first value m a register or 
memory thereof Likewise, iwponsive to the mput signal received via the ii^ut 
terminal of the accumulator 202, the second accumulator 202 is adapted for 



IS 

accumulating a second value m a registw or memory thereof The phase comparator 
15 adapted for supplymg die first and the second accumulated values to die subtraction 
means 203 and diereby the difference Uiere between may be determmed When die 
first and die second accumulator 201, 202 are adapted for bemg tnggered by trigger 
5 signals reflecting die phase of a first and a second signal* respectively, dJe difference 

between die accumulated values reflects die phase difference between die first and die 
second signal 

In die shown einbodiment. die first accumulator 201 mcludes a first digital register 
208, a second digital register 209, a first adder 210 and a first trigger 205 The first 

10 adder 201 is adapted for being suppUed widi die contents of die two registers 208, 209 
or at least a subset diereof , e g a number of die least significant bits, as mput values 
The first adder 210 is adapted for addmg die values supphed as mput and hereby 
generatmg a digital output signal The output of die adder 210 is connected to die inpnt 
of die first register 208 which is adapted for bemg tngged by a trigger signal supplied 

15 diereto via die first tngger 205 connected tiiereto Whesn die first register 208 is 
mgged, die input value supplied diercto by die adder 210 written mto die first register 
208 and hereby saved as die new updated contem diareof. For suq>hcity, m die shown 
embodunent die contents of die regurteis 208 and 209 are continuously present at die 
output tenmnals As a resuU die output of die first adder 210 is present at die mput 

20 tennmal of die register 208 and dierefore die content IS updated when die register 208 

IS tngged by tngger means 205 

When die second register 209 holds a predefined phase step value, die first register 
208 mcludes a first accumulated phase value which is iqidated v/hea tngged A first 
oscdlatmg signal ArC), e g a reference signal, may be supplied as mput lo die first 
25 tngger means 205 and hereby die first tngger means 205 fonns a tngger signal which 
is supplied to die first register 208 As mdicated m Figure 2, die first tngger means 
205 IS adapted for ttigging die first register 208 when a first mput signal supplied 
diereto exceeds a first prcdetermmed level, i e die first accumulator 201 is adapted 
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for, responsive to a reoccumng event m a first oscillating signal suppUed thereto, 
adding a first predefined phase step value to a first accumulated phase value 

In the shown erahodiment, the second accunnilator 202 is implemented sumlarly to the 
abovfr-mentioned unplementanon of the first accumulator 201, and mcludes two 

5 registers 211, 212, a second adder 213, and a second trigger 206 The output of the 
second trigger 206 is connected to atngger mputof a first of the two registers A 
second oscUlating signal Av(t), eg a ftequency-divided version of an voltage 
controUed oscillator output signal, may be supplied as an mput to the second tngger 
206 As indicated, the second tngger 206 is adapted «9r trigging the first of the two 

10 registers 211 when a second input signal sajipheA thereto exceeds a second 
predetermined signal level, i e flie second accumulator 202 is adapted for, responsive 
to a reoccumng event m the second osallatmg signal supplied thereto, addmg a second 
predefined phase step value to a second accumulated phase value When the first of 
the two registers is trigged the output of the second adder 213, i e the sum of the 

15 contents of the two registers 211, 212. is stored as die new content of the register 211 

When a first and a second oscillatmg signal arc suppUed to the first and the second 
trigger means 205, 206, respectively, and when the second and the fourth registers 
209, 212 are given a value rq>resentmg a predefined phase step, the ou^ of the first 
and die second accumulator are accumulated phase values reflecting the phase of the 

20 first and the second oscillatmg signal, respecuvely Hie subtracting means 203 is 
adapted for subtractmg the first accumulated phase vatae and die second accumulated 
phase value and hereby dcterminmg the phase wror between the first and the second 
signal supplied to the tngger means 205, 206 As dlustrated m the figure, the output 
of the subtractmg means 203 is connected to a digital-to-analogue converter 204 

25 adapted for convertmg die digital representation of the phase error to an analogue 
value and hereby fonnmg and analogue ouqwt signal of the phase comparator 
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The predefined phase stq>s could be selected from a maximum allowable phase 
accuracy, whidi with 16 btt resolution would be 

3601 , 3^ „ 0005- [20] 

It IS however not required to sdect the predefined phase steps based on die bit 
lesolutton accordmg to [16] many mteger nunabers may be selected givii^ die 
5 possibili^ of selecting placement of spurious as wdl as the frequency scaling between 
the reference signal and the ouQ>ut 

The above-mentioned embodunoit is advantageous due tt) die smt^hciOr which is 
obtamed due to die calculaoon of die phase raror as a digital subtraction The price, 
on die odier hand, is diat die digital subtraction may gennate spikes and hazards m 
10 die resulong phase error signal In die foUowmg a second embodunent of a phase 
con^jarator according to die mv«ition is descnbed This embodunem is an example 
of a phase coiiq>arator which is bodi smiple and hereby easy to implemnit, and m 
which spdces and hazards do not occur m the resulting ou^ut signal 

Figure 3 dlustrates a second embodunent of a phase coiiqnratcHr accordmg to die 
15 mvenuon. In dus embodiment, die first and die second accumulator 201, 202 is 
implemented as described m relation to figure 2 Therefiae die first and die second 
accumulator 201, 202 and die funcQ<m diereof wdl not be descnbed flinher below 

In contrast to die embodmient shown m figure 2, die ou^ut of die first and die second 
accumulators 201 , 202 m die embodunent shown m figure 3 are connected to a first 

20 and a second digital-to-analogue converter 204A, 204B, respectively Hereby, when 
a digital value representing an accumulated phase value is supplied die first and die 
second digital-to-analogue convener 204A, 204B, respecavely. an analogue 
representanon diereof is formed The ou^ut of die first and second digital^o-analogue 
converter 204A, 204B are connected to a subtracnon means 223 which is adapted for 

25 performing an analogue subtraction and hereby fomung an analogue output signal of 
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the phase comparator 

Optionally the phase comparator may mclude a first and a second AND-gate 220, 221 
as Illustrated m figure 3 In the shown erabodmient, the output of the first accumulator 
201 and the second accumulator 202 is connected to a non-mverted and an mverted 

5 mput of the first AND-gate 220. respectively Rirther. the output of the first 
accumulator 201 and the second accumulator 202 is connected to an mverted and a 
non-mverted mput of die first AND-gate 220. respecnvely As lUustrated m the figure, 
the AND-gates 220, 221 are adapted for perfonmng a bit-by-bit AND operation on the 
digital signals supplied thereto This may be explained m die foUowmg way When 

10 each of the bits are added or subtracted, the outcome ftom one set of bits affects the 
outcome from others As an exarapte if I is added to the digital number 111 the result 
IS 1000, which IS straight forward However, what happens is a bit-by-bit approach, 
where 1 + 1 =0 plus a 1 for 4e next bit As ibs AND-gate is not triggered, thuj wiD 
cause a npplmg effect on die output Using AND-gates as descnbed above, die 

15 subtraction of die two digital nuinbers is pre-processed By farther digital-to-analog 
convertmg the digital numbers widi die two digital-to-analogue converters 204A, 204B 
and performuig die subtraction widi as an analog subtraction means 223, die nslc of 
npples are sigmficandy minimised 

The analogue subtracuon means m the above-mentioned phase conqfarator is 
20 advantageous as no spikes or hazards will occur m die resultmg output signal due to 
short lived error signals on die higher bus Therefore, tius embodiment has been found 

v^ useful 

The two addmg means 210 and 213 does not contnbute to a simdar problem as 
descnbed above This is because die output from die two addmg means 210 and 213 
25 are only read mto said first digital register 208 and said second digital register 209 
when diey are tnggered by said first tngger 205 or said second trigger 206 The 
outputs from said two addmg means 210 and 213 dierefore have adequate ume to setde 
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to stable outputs 

Figure 4 illustrates a tbud embodiment of a phase comparator accoidmg to the 
invention The shown embodiment includes a synchronous reset of the most significant 
bit (MSB) of the first register 208 and the thud register 211. i e the registers adapted 
5 for mcluding accumulated values It is, however, not flie absotate value of the digital 
number m the registers, but tlie differmce between die numbers The synchroiious 
reset may be implemented as illustrated m figure 4 In the shown embodunent the first 
register 208 and the third register 211 have ttie same length, i e the two registers 
include the same number of bits When the phase comparator is m use the contents of 
10 the two registers are accumulated as a result of die above-mentioned trigger signal 
supplied thereto As the difBerence between the contents of die two registers is 
calculated, it has to be msured diat a possible overflow of ihe registers is taken care 
of This IS due to the Act that an uncontrolled ovoilow may odierwise lead to an 
undesired result when performing die subsequent subtraction To overcome this 
15 problemanAND-gate404iscomiectBdtothefirstandthethirdregister208,211 The 
AND-gate 404 is adapted for bemg suppUed with the most significant bit (MSB) of die 
first register 208 and the diird register 211 as shown m the figure The output of die 
AND-gate 404 is connected to a reset mput of bodi die first register 208 and die third 
register 211 Hereby, when die most sigmficant bit of bodi die first and the third 
20 register 208, 21 1 is " 1" . i e die MSB equals a value of logical die output value 
of die AND-gate 404 is also T In aU odier simahons, die output value of die AND- 
gate 404 is "0" Therefore die most sigmficant bit of die first and die fluid roister is 
reset, i e set to «0", when diey have bodi become "1" Her*y, an overflow is 
avoided m such a manner diat die output signal of die phase comparator contmuously 
25 reflects die phase difference between die two mput signals supphed diereto 
Optionally, a smular reset may be implemented for not only MSB, but for any bit of 
the digital number 
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Figure 5 lUustrates a phase-locked loop including an mcrememal phase comparator, 
le a phase coiiq)arator according to the invention As Shown in die figure, the ou^t 
of the incremental phase compaiator (IPC) 501, i e is connected to a voltage 
controlled oscdlator 503 via a loop fUter 502 A reference signal is connected to a first 

5 mputoftheuicrenientalphaseconiparaior501,ie todiemputofthefiistregister208 
(see figure 2, 3 or 4), and the output of the voltage controlled oscillator 503 is 
connected to a second mput of the incremental phase comparator 501 via a frequency 
divider 504 As illustrated in figures 2, 3 and 4, the second input of the incremental 
phase comparator 501 may be connected to thud register 211 Hereby, when an 

10 osciUation reference signal and an output signal of a voltage controlled osciUator is 
supplied as the first and the second uput signals to the tngger means 205, 206, 
respectively, and when the second and the fburth registers 209, 212 are given a value 
representing a predefined phase step, die output of the first and the second 
accumulator represents an accumulated phase vahie of die reference signal and an 

15 accumulated phase value of die output of die voltage controUed osciUator, 
respectively 

When comparmg the phase-locked loop according to die raventian with die pnor art 
phase-locked loop of figure 1 , it is found fliat die mcremradal phase conqiarator (IPC) 
replaces a phase detector according to die pnor art, i e it has die same functi(m as 
20 the pnor art phase-locked loop of figure 1. but has a much beoer bandwiddi and 
consequently faster lock-m tune 

The mvention has been descnbed widi a prdtaed embodimmt It is, however, 
possible to make changes and alterations to die shown example, whde staying wilhm 
die mvenuons idea As an example, it is m die above descnpnon hmted diat die digital 
25 numbers m die registers always are die same or wdl only change occasionally It is, 
however, as an exanq>le possible to continuously change die digital numbers m die 
registers and diereby produce a pulse wide modulation of die output signal widi die 
result that different phase and frequency modulation schemes (QPSK, FSK, GFSK, 




etc ) are achieved 



# 
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Claims: 

1 Phase-locked loop (100) comprismg 

a voltage controlled oscillator (101) for generating an output signal and having a 
frequency control input for controUmg the frequency of the output signal, 

S a divider (102) for dividmg the frequracy of the output signal, and 

a phase comparator (103) for deriving a control signal from a phase error detected 
betnreen the frequence-divided ou^ut signal and a reference signal, said control signal 
being coupled to the frequency control uiput of said voltage controlled oscillator (101), 

characterisedm that the phase conqiarator (103) uchides 

10 a first accumulator (208) adapted to add a first predefined phase step value (209) to 
a first accumulated phase value m reqK>nse to a reoccumng event m the reference 
signal, 

a second accumulator (211) adapted to add a second predefined phase stq) value (212) 
to a second accumulated phase value m response to a reoccumng event m the 
15 frequency-divided output signal, and 

subtracting means (223) for determining the phase error by subtracting the second 
accumulated phase value from die first accumulated phase value 

2 Phase-locked loop (100) accordmg to claim 1, characterisedm that the 
phase conq>arator (103) includes a digital-to-analogue converter (204) adapted to 

20 convert die phase error and thereby to generate an analogue output signal 



m • 
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3 Phase-locked loop (100) according to claim 1, charactensedin that the 
phase coiiq)arator (103) includes a first and a second digital-to-analogue converter 
(204A, 204B) adapted to convert flie first and the second accoxmilated phase value and 
thereby to generate analogue representations thereof, and that the subtracting means 

S (223) are adsqpted to perform an analogue subtraction of the analogue rq>resentation 
of the second accumulated phase value from the analogue rq>resentation of the first 
accumulated phase value 

4 Phase-locked loop (100) accordmg to daun 3, characterisedmlhatthe 
phase conqparator (103) mdudes a first and a second AND-means ^0, 221), where 

10 the output of said first AND-means (220) is connected to a first digital-to-analogue 
converter (204A), whereby a first accumulator (208) is connected to a first non- 
mvertmg mput of said first AND-means (220) and whereby a second accumulator 
(21 1) IS connected to a first inverting mput of said first AND-means (220), fte output 
of said second AND-means (221) being connected to said second digital-to-analogue 

IS converter (204B), and that said second accumulator (211) further is connected to a first 
non-mvertmg mput of said second AND-means (221), said first accumulator (208) 
further bemg connected to a first mvertmg mput of said second AND-means (221) 

5 Phase-locked loop (100) accordmg to claun 3or4, characlerisedm that 
the phase comparator (103) mdudes a first res^ means for tihe most sigmficant bit of 

20 the first accumulator, a second reset means for the most sigmficant bit of the second 
accumulator, and a third AND-means (404), where the output of said thud AND- 
means (404) IS connected to said first and said second reset means of said first and 
said second accumulator (208, 211), where the most sigmficant bit of said first 
accumulator (208) is connected to a first non-mvertmg mput of said third AND-means 

25 (404), and where the most sigmficant bit of said second accumulator (211) is 
connected to a second non-mvertmg mput of said third AND-means (404) 
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6 A method for determmmg the phase error between a first signal and a second 
signal, 

characterisedin that it includes the stqps of 

frequency dividing die first signal and/or the second signal, 

5 generating a first reoccumng trigger event m response to flie first signal, 

generating a second reoccumng trigger event m response to die second signal, 

incrementing a first phase vatae by a first predetermmed.mcrement value when the 
first trigger event occurs, 

mcrementrng a second phase value by a second pred^ennmed mcrement value when 
10 the second trigger event occurs, 

calculatmg said phase error by subtracting said second phase vaUie ftom said furst 
phase value 

7 A mediod accordmg to claun 6, characterised by representmg die first 
phase value, die second phase vatae and die phase error by binary numbers 

15 8 A mediod accordmg to claun 7, characterisedby calculatmg a first 
mtermediary bmary value as Ij = A, + A^ , by calculatmg a second mtermediary bmary 
value as Ij = A][ + Aj and by calculatmg die phase error as Ij - Ij 
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9 A method according to claim 7, characterisedby resettmg the most 
significant bit of the first phase value and the second phase value when the most 
significant bit of both said first phase value and said second phase value is 
simultaneously 1 

S 10 A method according to claun 9»characterisedm resetting two equal bits 
^enever these are 1 at die same tune 

1 1 Phase comparator (103) for carrymg out the method m accordance to claim 6-10, 

characterisedm that die phase comparator (103) mcludes 

a first accumulator (208) adapted to add a first predefined phase step value ^9) to 
10 a first accumulated phase value m re^onse to a reoccurm^ event m said reference 
signal, 

a second accumulator ^1 1) adapted to add a second predefined phase step value ^12) 
to a second accumulated phase value m response tt) a reoccumng event m said mput 
signal, and 

IS subtractmg means (223) for determinmg the phase error by subtractmg die second 
accumulated phase value from the first accumulated phase vahie 

12 Phase con9)arator (103) accordmg to claim 11, characterisedm that die 
phase comparator (103) mchides a digital-to-analogue converter (204) adapted to 
convert the phase error and thereby to generate an analogue output signal 



# , m. - 
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13 Phase cGiiq)arator (1(B) aocoiding to claim 11, char acler isedinthat the phase 
comparator mcludes a first and a second digital-to-analogne converter (204A, 204B) adapted 
to convert the first and the second accumulated phase value and tfaerd>y to generate analogue 
representations thereof, and diat die snbtractmg means (223) are adapted to perform an 

5 analogue subtraction of the analogue representation of said second accnmulated phase value 
£rom the analogue representation of said first accumulated phase value 

14 Phase comparator (103) acconhng to daun 13, characterisedm that the phase 
coixq)arator (103) mcludes a first and a second AND-means (220, 221), where the output of 
said first AND-means (220) is connected to a first digital-to-analogue converter (204A), 

10 whereby a first accumulator (208) is connected to a first nonrmveitmg mput of said first 
AND-means (220), and whereby a second accumulator (21 1) is connected to a first mvertmg 
mput of said first AND-means (220), the output of said second AND-means (221) bemg 
connected to said second digital-to-analogue converter (204B), and that said second 
accumulator (211) further is connected to a first non-mvertmg mput of said second AND- 

15 means (221), said first accumulator (208) further bemg connected to a first mvertmg mput 
of said second AND-means (221) 

1 5 Phase comparator (103) accordmg to claim 13orl4,characterisedm fliat the 
phase comparator (103) mcludes a first reset means for the most significant bit of the first 
accumulator (208), a second reset means fbr the most sigmficant btt of the second 

20 acomndator (21 1) and a tfaurd AND-means (404), where the output of said third AND-means 
(440) is connected to said first and said second reset means of ^d first and said second 
accumulator (208, 211), where the most significant bit of said first accumulator (208) is 
connected to a first non-mvertmg mput of said third AND-means (404) , and where the most 
sigmficam bit of said second accumulator (21 1) is connected to a second non-mvertmg iiqnit 

23 of said third AND-means (404) 

For Sdicide A/S 
Chas HudeA/S 




27 

ABSTRACT 

The mvenaon relates to a phase-locked loop compnsing a voltage controlled oscillator 
and having a frequency control mp\xi for controlling the frequency of die output signal 
Tlie phase-lodced loop also has a frequency divider, and a phase comparator for 

S derivmg a control signal from a phase error detected between the frequency-divided 
output signal and a reference signal The control signal bemg coupled to the frequency 
control mpul of said voltage controlled oscillator The phase conq>arator mcludes a 
first and a second accumulator adap^ to add a first or a second predefined phase step 
value to a first accunmlated phase value The phase-locked loop has subtracting means 

10 for determinmg the phase error 

The invention also relates to a method of for obtaimng mformation on a phase error 
between two signals 

The invention also relates to a phase comparator for use m a phase-locked loop 
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